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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Research Center, for the U.S. Department of Transportation, Trans- 
portation Systems Center, Energy Technology Branch, Cambridge MA, presents 
results of experimental work to obtain information on performance charac- 
teristics of an engine used in automobiles sold in the United States. The 
engine used in this work is one of a series of 10 engines to be tested in 
the current program. This is the third of the reports to be published 
covering work with those engines. 


This project is funded by the National Highway Traffic Safety Admini- 
stration, Office of Research and Development, Office of Passenger Vehicle 
Research, Technology Assessment Division. 


Ralph G. Colello and James A. Kidd, Jr., of the U.S. Department of 
Transportation, Transportation Systems Center are the technical monitors. 


iii 


% 
to 


joqaas 


spoed a1Qnd 
389) I1Qnd 
$u0/)e6 
suenbd 

syuid 
SBuNO PIN}; 


SUD} LOYs 
spunod 
seouno 


see 

sejiw asenbs 
spaeA quenbs 
soyour euenbs 


sow 
spueA 
109) 
seyout 
sayour 


pary Of 


SOINSTOP) B39 WEI) SUOIsIDAUOD Ssewixoiddy 


(Z£ pre eunjessdue) 
vey) 6/6 snisja5 


(33x08) JUMLVUIdWIL 


el siajaw 21gNo 

se ssaiaw 21qQnd 

9z°0 $39))| 

SOL $221} 

Zz saa!) 

£0'0 SsOv [epi 
JANIOA 

ve (By 0001) Seusor 

Zz Suse 260114 

st0'0 sures 


habiom) ssvw 


sz (,W 000'01) sazer394 
a) $2018uD|14 eenbs 
cat $s01ey ouends 
9t°0 $s0)ewi)U20 asenbs 
VI¥Y 
90 Ss SUH} y 
Ch sveyew 
ee ss0)2W 
v0 $19)@w1)U92 
v0'0 Sud aul} jw 
WL9N31 
Aq Ajai jauy PAOUY BOA BOR 


EBecS 


jeq@ds 


S¥OLIVI 


Il 


ue a ae ie ae ager co a Be 


t 


€ 


» 


S 


8 L | 9) 


6 


hi nin wa an athe vi whit Ih 


ol 
| 


cz = |t% Ve re 61 el Lt 9 $i ol cl cA W 


il fn rH i ai ch th a at iti ite kn 


inches 


NOISHIJANOD JIBLIW 


wo 
ws 


jeqwis 


oumessde) 
$nisjoD 


Ssaiaw 31QNd 
sseiaw 21QND 
$1211) 
$3211] 
Siaity 
$5211) 
SAB Up pr 


Seuuo) 
swe s6oj14 
swes6 


sou oy 
SII1SUWO}1y BuENds 
sa9,eu quenbs 
Siaiew oenbs 
Slauiuad sends 


S29) OUD 14 

si0low 
SIP BVINUID 
ss9)}awijuad 


Parg OL 


sesnseawy 


(Zz 
Burpengns 
Ue) 6/S 


eunesedus; 
ieyusiYys 4 


(19@28) JUNLVUIDWIL 


94°0 sped >1qn> 
£0°0 4224 IIGQN> 
gc suo)je6 
$6‘0 sueAb 
49°0 siuid 
970 sno 
of s@2unD pin}; 
SL su00dse)qer 
S Suoodses) 
JWNIGA 
(41 0002) 
6°0 suo) UuDYys 
sv'0 spunod 
82 saauno 
(rybiam) SSym 
90 sesce 
Eie4 Sejiw esends 
80 spied qenbds 
60°0 300), suenbs 
$9 saypu esends 
————— 
viey 
71 Sojiw 
60 Spuaa 
of 189) 
oz seysu 
H19N31 
Aq Apényomy many BO) BOER 


3150 8) SUcISIeAUOD sJewIXosddy 


a 
zo 


fequds 


iv 


1. INTRODUCTION 


_ Data acquired from steady-state tests of a 1977 Chrysler 225-cubic- 
inch-displacement engine are presented in this report. The test results 
are sufficient to establish maps of fuel consumption and emissions of 
carbon monoxide, unburned hydrocarbons, and oxides of nitrogen over the 
operating range of the engine. 


The Chrysler 225-CID engine is one of a series of 10 engines to be 
tested in the current program. The steady-state maps of emissions and 
fuel economy generated by this study may be used to predict engine and 
emission control system performance for transient operation. 


2. ENGINE TEST REPORT 


A new mean-tolerance 1977 Chrysler 225-CID engine was acquired for _ 
this series of tests. The engine was mounted on a test stand and coupled 
to an eddy-current dynamometer. All engine accessories were included in 
the test-stand installation except for the cooling fan and radiator. An 
alternator was mounted on the engine but was not connected to the electri- 
cal system. Emission control systems included exhaust-gas recirculation 
(EGR) and an oxidation catalyst. Table 1 contains the manufacturer's 
general specifications for the Chrysler 225-CID engine. 


Prior to the start of the testing program, the engine was broken in 
at speeds and power settings comparable with normal vehicle operation. 
Table 2 contains details of the break-in schedule that was used. A single 
batch of unleaded, regular grade gasoline was used for the entire break-in 
period and test program. An analysis of the fuel appears in table 3. 


Steady-state tests of the engine were made at the speed and load 
points indicated in table 4. The following data items were recorded at 
each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dew point, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, lb-ft -- BLH strain gage load ceil; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle Angle, deg 

CO, pct -- Beckman NDIR 

C05, pet -- Beckman NDIR 

05, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F. 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): - 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury); 


S 7308.1 
P = exp pa.77 - oe 9 


where D = dewpoint, °F. 


2. Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) 


eB Pe 


where B = barometric pressure, mm Hg, 


3. Humidity correction factor (dimensionless): 


Ky = l 
H ~ 7 = 0.0047 (He-075) 

Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 

4. Stoichiometric air/fuel ratio (dimensionless): 


x 
_ Oils A) 
aa MWFuel 


where x = hydrogen-carbon atomic ratio of fuel 
y = oxygen-carbon atomic ratio of fuel 
MWfuel = fuel molecular weight per carbon atom 


P2701 59+ 1 00797x + 15.9994y. 


5. Hydrogen concentration in raw exhaust (percent): 


me x(CO)(CO + CO 
2~ “KG = Koy) © 
where CO = carbon monoxide concentration (percent) 
CO = carbon dioxide concentration (percent). 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO) (H 0) 
(C02) (Ho) 


Correction factor for emission concentrations from wet basis 


to dry basis (dimensionless): 


Cos ee 


(5)(CO + CO) - He 


100 


Note: In these tests, only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/fuel ratio (dimensionless): 


where 09 
NO 
He 


(le> = y(COy (2 5 = y)eo) ie(ap) ce 


CO + COp + Cy (qn) 


oxygen concentration (percent) 
oxides of nitrogen (ppm) 
unburned hydrocarbon concentration (ppmC) - 


Exhaust flow (pounds per hour): 


Me(1 + AF) 


Mey = 
EX C 


W 
where Mr = fuel flow rate (pounds per hour). 


Carbon monoxide mass emission rate (grams per hour): 


CO 


HW 


CO 


Nco = Mex (qq) (yey) 4593-59237 


where MWcq = molecular weight of CO (=28.01115) 
MWey = molecular weight of exhaust gas (=28.967), 


Unburned hydrocarbon mass emission rate (grams per hour): 


Mic = Mex (poe 


where MWe 


‘ te : 
MWe y W WS G DIAS « 


molecular weight per carbon atom of HC 
12.01115 + 1.00797x + 15.9994y, 


4 


10s 


11. Oxides of nitrogen mass emission rate (grams per hour): 


Be One NOx 
no, = Mex (to) (aigey.) (Ku) 453.9237 » 


where MWNO, = molecular weight of NOg (=45.0028) - 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


ONC. (736.6, fos 4eo 
HP = soya (FEB) Sad. fe 


where N = engine speed (revolutions per minute) 
T = brake torque (foot-pounds ) 
t = air temperature (°F). 


3. DISCUSSION OF TES eRESUETS 


The maximum torque and power outputs measured in these tests were 
in agreement with the manufacturer's specifications. Emission rates of 
CO, HC, and NO. were typical of modern engines equipped with exhaust-gas- 
recirculation {EGR) systems and oxidation catalysts. The carburetor 
was set to provide a fuel-lean mixture during low-power operating, en- 
abling the catalyst to control CO and HC effectively. (See Figure 1.) 
At higher-power levels, the air-fuel ratio tended to decrease (figure 2) 
resulting in less effective catalytic treatment of CO and HC. (See 
Figures 3 and 4.) Oxides of nitrogen emissions increased at higher power 
levels (figure 5). Fuel flow is shown in figure 6. 


The data presented in this report are sufficient to establish steady- 
state maps of fuel consumption and emission rates for the 1977 Chrysler 
225-CID engine. 


4. CONCLUSIONS 


The purpose of the experimental work reported here is to establish 
fuel consumption and emission rate data for this engine. Those data 
are presented in the tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement 5. CUle" TIM sarlecctamere crolneth ares tees ene ener nee terete 225 
Maximum horsepower, bhp @ 3,600 rpm................ 109 
Maximum torque, 1b-ft @ 2,000 rpm.................. 182 
Bore and stroke ein. so 288 i Ce Eee neo ences <4 OMe rene 
Conf iquration: 282s. oe pom elree cen ee eee inline slant 
6-cylinder 
Compression. PatiOss ae oe eae ia ener 8 .49:1 
Firing: order sic). isin eens eee ee ne ]-5-3-6-2-4 
Ignition timing at idle speed, BIDC @ 700 rpm...... 12 
Block material ver: (ca are teeerare serene eters eeerens cast iron 
Head: materiale. 2:3) aic eee Wa eran eters eee eeenc aie cast iron 
Number of crankshaft main bearings..............--- 4 
Number of compression rings/piston................. 2 
Number: of 011 gings/piS tone. oer ee eer cere ] 
Cam ‘drive’ types... some ace ne sence OTE or eremonnr chain and sprocket 
Valve lift: 
Intakes Dinca ccc chec ee erro ences ieee ope es ieee iene 0.406 
ExMaUSit's. Tiere cidisicieesvsecctete here terete useable tere emerareats 0.414 
Valve timing: 
Intake opens °BIG.. .2.e Vet eee ner eet 16 
Intake’ closes, [ABCs eee cr ere 48 
Exhaust.“opens., “BBG. 2 incre, ores ewtceeare renters. 54 
Exhaust: closes: (Cc AMGc 2 ste eon ee cee ere 10 
Spark: plug*gap 3 Uno. cherie sale cneptare eeteboper eters 0.035 
Exhaust-gas-recirculation system: 
Valve type. oe eis io iis soreness wearers ereererenenen erator. poppet 
Control siignal ss. seca. eae ae ere tee ieteran amplified venturi 
vacuum 
Point: of ‘discharge ciitcc.osceccuacics detente ye intake manifold 
Crankcase emission control: 
Control :method. oo c5 cca Sn sce si raters ete ciescueectere positive crankcase 
ventilation 
Point of discharge ince oc wcities ecto remaicte intake manifold 
Carburetor: typed.c aici crst nara culonactvels chee here re chortle 2 barrel downdraft 
Distributor specifications: 
Centrifugal advance, begins, ° @ 550 rpm...... 0 
Centrifugal advance, intermediate, °@ 650 rpm. 2-1/2 
Centrifugal advance, full, ° @ 1,900 rpm...... 4 
Vacuum advance, begins, ° @ 7 in. Hg.......... 0 
Vacuum advance, maximum, ° @ 9.5 in. Hg....... 1] 
Carburetor MUMDEN Ss si6 5356.00 s0e  eeaseye ereksletensle ctehel enero BBD80875 
Distributor MuUMber sat cmieior ci cyeraeuse le serene eemetren sete 3874929 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle | Engine speed, | Manifold vacuum, | Fraction of time 
speed, mph rpm in. Ha in mode, hr. 


Mileage per cycle = 90. 
Total mileage accumulated over 40-hour break-in period = 1,440. 


TABLE 3. FUEL ANALYSIS 


Motor octane No... eo oes 
Specific: Graviityng.. ake mre 
API gravity, degrees sucreiapacestaie Wievetele erate 
Distillation, °F: 
10, petvevaporatedes senso eee 
50 pct to al aoe sup at ara onen cvoRed fee 
95 pct (eli soins erione techie peeembcae carte 
100 pct STAN A Se Orne eT Cc 
Reid vapor pressure, pSig........... 
FIA analysis, pct: 
Aromatics issn re aoe cetera 
Ole Fins ee eee ere euere nce 
Paradt Pinsiie se waren cies a uerormesunieke c 
Sulfurrs |: PC Geis ssnsresnteios: acer eration 
Lead; grams: per sgallilionia cs eee 
Hydrogen/carbon atomic ratio........ 


Oxygen/carbon atomic ratio.......... 
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